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Abstract The concentration of heavy metals was studied
in the soil samples collected around the municipal solid
waste (MSW) open dumpsite, Ariyamangalam, Tiruchi-
rappalli, Tamilnadu to understand the heavy metal con-
tamination due to leachate migration from an open dumping
site. The dump site receives approximately 400–470 tonnes
of municipal solid waste. Solid waste characterization was
carried out for the fresh and old municipal solid waste to
know the basic composition of solid waste which is dumped
in the dumping site. The heavy metal concentration in the
municipal solid waste fine fraction and soil samples
were analyzed. The heavy metal concentration in the
collected soil sample was found in the following order:
Mn [ Pb [ Cu [ Cd. The presence of heavy metals in soil
sample indicates that there is appreciable contamination of
the soil by leachate migration from an open dumping
site. However, these pollutants species will continuously
migrated and attenuated through the soil strata and after
certain period of time they might contaminate the ground-
water system if there is no action to be taken to prevent this
phenomenon.
Keywords Heavy metal  Municipal solid waste 
Leachate  Open dumpsite
Introduction
Rapid industrialization and population explosion in India
has led to the migration of people from villages to cities,
which generate thousands of tonnes of MSW daily. The
amount of MSW is expected to increase significantly in the
near future as the country strives to attain an industrialized
nation status by the year 2020 [Sharma and Shah 2005;
Central Pollution Control Board (CPCB) 2004; Shekdar
et al. 1992]. Solid wastes are the organic and inorganic
wastes generated by rapidly increasing production, con-
sumption and other human and animal activities of the
urban society, normally discarded as useless or unwanted
or those that have lost their value to the first user and are a
major cause of pollution (Berkun 1991; Mee and Topping
1998). Solid waste composition varies substantially with
socio-economic conditions, location, season, waste col-
lection and disposal methods, sampling and sorting pro-
cedures and many others factors (El-Fadel et al. 1997). The
increasing amounts of municipal solid waste generated
each year in several industrialized countries have raised
concerns about the economic viability and environmental
acceptability of the current waste-disposal methodologies
(Daskalopoulos et al. 1998). The ever-increasing con-
sumption of resources results in huge amounts of solid
wastes from industrial and domestic activities, which pose
significant threats to human health (Ziadat and Mott 2005).
Although developed countries have established regulatory
programmes for the disposal of solid wastes, developing
countries have generally continued to use unsophisticated
methods such as open dumps (Kocasoy 2002). Open
dumps—unfortunately are still the means of disposal of
solid wastes in developing countries—where the waste is
dumped in uncontrolled manner, can be detrimental to the
urban environment. Provisions for leachate and gas control
system do not exist. A soil cover is rarely provided, except
at the time of closure of the site. Most of the disposal sites
are unfenced and open firing of municipal solid waste is
very common. It putrefies easily under the hot tropical
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temperatures and generates considerable quantities of
leachates and obnoxious odor (Everett 1992; Knoll 1983;
Adhikari et al. 2006; Amoah et al. 2007). Under such cir-
cumstances, organic waste may also act as an important
breeding site for disease causing vermin including flies,
insects and rodents, which are vectors of diseases such as
cholera, diarrhea, dysentery and typhoid fever (Fobil et al.
2008; Everett 1992; Knoll 1983; Afrane et al. 2004;
Krajewski et al. 2001; Musmeci and Gucci 1997).
Solid waste disposals (open dumps, landfills, sanitary
landfills or incinerators) represent a significant source of
metals released into the environment (Yarlagadda et al.
1995; Waheed et al. 2010; Iwegbue et al. 2010; Bretzel and
Calderisi 2011; Rizo et al. 2012). Leachate is produced
primarily in association with precipitation that infiltrates
through the refuse and normally results in the migration of
leachate into the groundwater zone and pollutes it (Sam-
uding 2009). Due to migration of leachate, soils have been
contaminated with heavy metals such as lead, copper, zinc,
iron, manganese, chromium, and cadmium and these heavy
metals in solid wastes lead to serious problems because
they cannot be biodegraded (Hong et al. 2002). The major
sources of heavy metals in landfills are the co-disposed
industrial wastes, incinerator ashes, mine wastes and
household hazardous substances such as batteries, paints,
dyes, inks, etc. (Erses and Onay 2003). Soil contamination
by heavy metals from waste disposal sites is a serious
problem in industrial and urban areas (Mandal and Seng-
upta 2006). Soils are regarded as the ultimate sink for
heavy metals discharged into the environment, as many
heavy metals are bound to soils (Obiajunwa et al. 2002).
Furthermore, when screening for pollutants in soil and
leachate at contaminated sites, the results are often required
directly, since classification of the soil is needed before
determination of remediation techniques (Banar et al.
2007). Hence, this study has been carried out to assess the
soil contamination around the local dump area where the
municipal solid wastes have been disposed for about
45 years.
This study was conducted on the samples collected from
the Ariyamangalam municipal solid waste open dump site.
The present study examines basic composition of the waste
in the open dumpsite, then the assessment of heavy metal
contamination and its concentration level in solid waste.
The concentration of heavy metals was determined in the
runoff leachate and its potential to the soil nearby the
dumpsite area was also investigated.
Description of the study area
Tiruchirappalli better called as Trichy, situated on the
banks of the river Cauvery is the fourth largest municipal
corporation in Tamil Nadu and also the fourth largest
urban agglomeration in the state. The district has an
approximate population of 27 lakhs and the population
density of 602 inhabitants per square kilometer. Many
industries like steel, automobiles, distilleries, small scale
industries and boiler manufacturing industries have crop
up within a few decades of time. The maximum tem-
perature experienced in this district is 37.7 and the
minimum temperature is 18.9. The normal annual rain-
fall is 842.60 mm. The estimated MSW generation in
Trichy district is about 400–600 tonnes per day. The
district is served by an open dumping yard namely Ari-
yamangalam garbage ground located 12 km from the city
which is in Trichy–Thanjavur highway. The dumping site
is located at 10480N and 78430E. The ground elevation
of the dumping site is 75.875 m above mean sea level.
The Ariyamangalam dumping site has been in operation
since 1967, covering a total surface area of 47.7 acres
where the geological formation is consisting of mainly
alluvium (based on the data collected from Public Works
Department, Tamilnadu). The nature of soil in the
dumping site is of partially and highly weathered granitic
gneiss type, the granites are yellow and reddish in color,
hard massive to foliated and well-jointed. The soil is
moderately permeable and the infiltration rate can absorb
most of the rain except for more intensive rains which can
cause considerable surface flow and erosion. The layout
of the study area is shown in Fig. 1a. The Tiruchirappalli
municipal corporation consists of four zones namely
Srirangam, Ponmalai, Ariyamangalam and Abishegapuram.
The dump site receives approximately 400–470 tonnes of
MSW per day collected from four zones. The height of
dump is around 3–4 m above ground level. In this dump
yard, waste is disposed without segregation and compac-
tion. No daily or intermediate cover is placed over the
deposited waste. There is no lining at the bottom of the
dump yard. Access to the site is freely available to all and
the site is regularly utilized by rag pickers, scavenging for
recyclable materials, and by a variety of animals, including
water buffalo, cattle, pigs, and dogs, scavenging for food




All the chemicals used in this study were of analytical
reagent (AR) grade and were supplied by Ranbaxy chem-
icals Ltd., Chennai, India. Glassware used for analysis was
washed with acid solution followed by distilled water.
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Fig. 1 a Study area with
sampling locations ( solid
waste, leachate and soil
sampling locations),
b photographical view of the
Ariyamangalam open dumping
site
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Solid waste sampling and characterization
For characterizing fresh municipal solid waste, study can
be carried out either by collecting samples from curbside
or from garbage trucks arriving at a landfill (Bagchi
2004). To assess the fresh solid waste composition, a total
of 60 fresh solid waste samples (three samples from each
zone per day) from the four different zones of Trichy city
were collected for 5 days from the truck discharge point
to the dumping site. For composition of municipal solid
waste in the old dumping area (greater than 3 years),
samples were collected using auger boring. For repre-
sentative sample collection, the entire old dumping area
was divided into number of grids and boreholes were
drilled with a 15-cm manual auger up to 3 m. Solid waste
samples were collected at every 1.5 m interval (top sur-
face, 1.5 m and 3 m depth from top surface). Samples
were properly labeled and brought to the laboratory for
analysis. A total of 30 samples were collected from the
dumping site from ten locations. The solid waste sam-
pling locations in old dumping area are also shown in
Fig. 1. The collected fresh solid waste and waste from old
dumping area were segregated into different categories
viz. paper, plastics, metals, glass, debris, vegetables,
textiles, etc. The segregated samples were weighed indi-
vidually. The mean of the solid waste composition was
calculated using the results of the composition of each of
the sorting samples (Gidarakos et al. 2005). The solid
waste was characterized with regard to its constitutive
moisture content by oven drying (at 105 C during 24 h).
The moisture content was expressed as the ratio of the
mass of constitutive water to the mass of solid particles
(Laurent et al. 2005).
Leachate sampling and analysis
The leachate corresponds to rainwater that has percolated
through waste, interacting with bacteriological activity and
especially organic substances. Its composition is a function
of the nature and the age of the landfill, the type of wastes,
the method of burying, the geological nature of the site and
the climate (Amina et al. 2004). To study the physico-
chemical composition of leachate, the leachate samples
were collected from actual leachate streams in the solid
waste dumping site using 5 L polypropylene carboys that
were rinsed out thrice prior to sample collection using
distilled water and transported to the laboratory, stored at
4 C and analyzed within 2 days. A total of eight leachate
samples (L1 to L8) were collected for monitoring purpose.
The physicochemical parameters such as pH, biochemical
oxygen demand (BOD), chemical oxygen demand (COD),
total hardness, total dissolved solids, major cations such as
Ca2?, Mg2?, and iron, major anion such as Cl- were
determined. All the analyses in this study were repeated
two or three times until concomitant values were obtained,
and all the tests were carried out according to the standard
methods (APHA 1998). The leachate sampling locations
are also shown in Fig. 1a.
Soil sampling and analysis
Leachate causes the pollution of the soil, surface water and
groundwater. The soil which is an important component of
landfill site is a media where polluted materials are
deposited. Because of continuous transportation to other
media (air, ground and surface water) from this media by
evaporation, erosion and infiltration, this component is a
natural source which is needed to carefully monitor (Banar
et al. 2009). In this content, soil characterization (organic
matter, moisture content of the soil and pH of the soil, etc.)
is very important on the amount and distribution of pol-
lution (Taoeli 2007; El-Fadel et al. 1997; Daskalopoulos
et al. 1997; Tchobanoglous et al. 1993). In the present
study, the soil samples were collected from four locations
(BH 1 to BH 4) with the distance of 200 m from the
Ariyamangalam open dump site boundary. Soil samples
were collected at every 1.5 m interval (top surface, 1.5 m
and 3 m depth from top surface) using auger boring. A total
number of 12 samples (three samples at each depth from
each location) were collected, properly labeled and brought
to the laboratory for analysis. The soil sampling locations
are also shown in Fig. 1a. All soil samples were air dried to
a constant weight, sieved to \2 mm through a stainless
steel sieve and homogenized preserved in clean plastic
containers for subsequent use (Chrastny et al. 2012). An
index property such as specific gravity, moisture content
and organic matter of the soil was determined according to
IS codes. Water extracts were prepared based on modified
standard test method for shake extraction of soil with water
(ASTM 2006). Ten grams of soil was mixed with 100 ml
of distilled water (10:1 liquid to solid ratio) and shaked in a
mechanical shaker for 18 h. After the completion of the
agitation, the surface water was removed by decantation
followed by pressure filtration or centrifugation (good
water recovery is essential) and preserved at 4 C for later
analysis. The water extracts were analyzed for the param-
eters such as pH, electrical conductivity, chlorides, total
alkalinity, total hardness, and iron.
Assessment of heavy metal contamination
Unorganized dumping of solid waste is predominant in
developing countries like India and cause adverse impacts
to the environment. Sources such as electronic goods,
electro plating waste, painting waste, used batteries, etc.,
when dumped with municipal solid wastes increase the
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heavy metals in dumpsites. Slow leaching of these heavy
metals under acidic environment during the degradation
process leads to leachates with high metal concentrations.
Since leachates are one of the potential sources of
groundwater pollution, monitoring heavy metal content in
dumpsite can facilitate to recommend suitable remedial
measures (Esakku et al. 2003).
Standards
Standard solutions of heavy metals viz. copper (Cu), cad-
mium (Cd), manganese (Mn) and lead (Pb) were prepared
using copper sulfate (CuSO4.5H2O), cadmium sulfate
(CdSO4.8H2O), manganese sulfate (MnSO4.7H2O) and
lead nitrate [Pb (NO3)2] were prepared using distilled water
having 1,000 ppm concentration. Working standards were
freshly prepared from the stock solutions.
Instruments
The heavy metal concentration present in the solid waste,
leachate and soil was analyzed using atomic absorption
spectrophotometer (AAS) supplied by Thermo Fisher Sci-
entific, USA with D2 background correction lamp. Acet-
ylene–air flame was used for higher concentrations (mg/l).
Sample preparation
For heavy metal contaminant evaluation such as Cd, Cu,
Mn, and Pb on solid waste and soil, the collected 30
number of old solid waste samples and 12 number of bore
hole soil samples were air dried, then grinded, screened
through a \2.360-mm sieve and subjected to acid diges-
tion. Acid digests of solid waste and soil samples were
prepared as per the procedure postulated by (NEPM
1999). For the determination of total metal content,
boiling aqua regia (3:1 hydrochloric/nitric acid) was used
to extract the metals from the samples. The strong and
concentrated acid mixture is capable of extracting inor-
ganic metals. One gram of MSW fine fraction/soil was
mixed with 18 ml of concentrated HCl and 6 ml of
concentrated HNO3 and moistened with a little deionised
water. The mixture was gently boiled in a hot plate until
about 5–10 ml of extract remains in the flask and allowed
to cool for about 15 min. Then, 18 ml of concentrated
HCl and 6 ml of concentrated HNO3 were added and
boiling was repeated till about 5–10 ml of extract remains
in the flask. After cooling, the extract was filtered through
Whatman No. 42 filter paper and was made up to 50 ml
with distilled water. The heavy metal concentration
present in the solid waste and soil samples were calcu-
lated using the following relation.




M = concentration of metal in the solid waste/soil, air
dried basis (mg/kg),
C = concentration of metal in the digest (mg/l),
B = concentration of metal in the blank (mg/l),
W = weight of air dried solid waste and soil sample
digested (g).
To analyze the heavy metal concentration in leachate,
the collected eight leachate samples from the dumping area
were filtered and preserved for soluble heavy metal anal-
ysis with a drop of concentrated nitric acid. The heavy
metal analysis such as Cd, Cu, Mn and Pb were determined
for the preserved leachate samples.
Results and discussion
Solid waste characterization
The yearly variation of MSW (disposed quantity) in Trichy
city is shown in Fig. 2. The data on the solid waste gen-
eration in Trichy city were collected from Trichy Muni-
cipal Corporation. From Fig. 2, it was observed that the
MSW generation rate for the Ariyamangalam dumping site
varies between 115,845 and 149,100 tonnes/year for the
year 2000–2010. This is largely because of rapid popula-
tion growth, economic development in the country and
increased consumption of packaged foods and other items.
An average of 470 tonnes of domestic waste per day has
been disposed on the active open dumpsite from the sur-
roundings (based on the data collected from Trichy
Municipal Corporation).
The mean of the fresh waste composition for the dif-

























Fig. 2 Municipal solid waste generation (source: municipal corpo-
ration, Trichy city)
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and is shown in Fig. 3. From Fig. 3, it was observed that
the percentage of paper, textiles, plastic, debris, metals,
glass, and vegetable waste are in the ranges of 8–10, 7–10,
1–15, 3–8, 2–5, 1–2, and 54–69 %, respectively. Vegetable
waste is relatively high (54–69 %), as vegetable and meat
wastes from market are transported to this open dumping
site without any segregation for reuse. The share of glass
(1–2 %) is considerable, mainly consisting of disposable
(not refillable) bottles. The result from the fresh solid waste
composition study shows that samples from the open dump
site contained about 90–95 % combustible materials such
as paper, textile, debris, plastic wastes. The non-combus-
tible fraction such as metals and glass is about 1–5 %.
The results were compared with solid waste composition
reported by other researchers. Mohan and Gandhimathi
(2009) reported that the MSW composition from Perungudi
dumping site (Chennai City, Tamil Nadu) contained about
60–70 % combustible materials such as textile, leaves,
plastics, food waste, etc., with an average of 65 %. The
non-combustible fraction such as metals and glass was
about 30–40 % with an average of 35 %. The solid waste
composition in most Asian countries is highly biodegrad-
able, mainly composed of an organic fraction with high
moisture content (Visvanathan et al. 2004). Kurian et al.
(2012) revealed that the biodegradable waste was high
when compared to non-biodegradable waste in MSW
composition at Chennai city. The findings from other
studies indicated that the composition of MSW is site-
specific and based on nature of waste and source location.
The composition of solid waste from old dumping area
(Fig. 4) shows a significant variation at all depths and
locations. It was observed that the dead leaves and wood
chips and soil were 40–60 and 15–40 %, respectively. The


























Zone 1: Srirangam Zone 2: Ponmalai
Zone 3: Ariyamangalam Zone 4: Abishegapuram
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Fig. 4 Solid waste
composition from old dumping
area
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respectively. Debris waste composition was 5–18 %. Lea-
ther, glass, rubber, and metal composition was relatively
less when compared to other type of wastes. From the
composition results it was found that the combustible waste
composition was high when compared to non-combustible
wastes.
The moisture content of fresh municipal solid waste was
analyzed as per IS code and the results are given in
Table 1. The moisture content varied from 9.65–29.31 %.
From Table 1, it was found that the waste from zone three
have very high moisture content compared to other zones.
This is due to the disposal of huge quantity of vegetable
wastes from the market.
Leachate characteristics
The significant variation of leachate quality among the
collection locations is presented in Table 2. Table 2 shows
the wide variation in the concentration of leachate
parameters within the dumping site. This is mainly due to
the nature of solid waste dumped in that particular location.
It can be observed that the leachate sample possesses very
high concentration of chemical parameters except pH. All
the collected leachate samples were amber-colored and
alkaline with pH range of 7.28–8.47. This may be attrib-
uted to the decrease in the concentration of free volatile
acids due to anaerobic decomposition, as fatty acids can be
partially ionized and contribute to higher pH values.
Alkaline pH is normally encountered at landfills, 10 years
after disposal (El-Fadel et al. 2002). Since the pH of every
sample was observed below 8.3 except one sample, the
alkalinity of each sample might have been due to bicar-
bonate; a large amount of mineral species are also expected
to exist in the leachate as the bicarbonate form (Seo et al.
2007). The relatively high value of electrical conductivity
(45,350 l mho/cm) indicates the presence of dissolved
inorganic materials in the samples. The concentration of
TDS also fluctuates widely from 16,360 to 34,920 mg/l.
The range of COD varies from 26,880 to 45,120 mg/l and
the BOD ranges between 1,050 and 3,750 mg/l. It is
commonly known that organics in leachate are character-
ized by different biodegradability. A measure of biode-
gradability is BOD5/COD ratio (Kulikowska and Klimiuk
2008). The BOD5/COD ratio (0.04 to 0.09) less than 0.1
indicate that the solid waste reached the methanogenic
phase. The determined chloride concentration varies between
1,996 and 6,997.5 mg/l. Chloride is a non-degradable
conservative parameter and the change in its concentration
is commonly used to assess the variation of leachate
dilution (Bilgili et al. 2007). The results with relatively
high pH, alkalinity, and chloride concentration in all the
leachate samples analyzed confirm the methanogenic
condition of the dumpsite. The range of calcium and mag-
nesium parameters is on the higher side (1,068–2,268 mg/l;
319.2–1,152 mg/l). The presence of magnesium in the
leachate is due to the disposal of construction waste along
with MSW (Al-Yaqout and Hamoda 2003). The iron (Fe)
concentration varies ranging from 1.28 to 8.51 mg/l, except
Table 1 Moisture content of
municipal solid waste
Zones Moisture content (%)
Day 1 Day 2 Day 3 Day 4 Day 5
Zone 1 9.65 13.32 11.24 15.4 16.2
Zone 2 13.65 17.23 15.45 17.3 18.34
Zone 3 21.45 27.45 25.67 29.31 27.5
Zone 4 19.34 22.2 25.54 24.32 22.7

























1 7.55 32,940 22,070 1,999 8,000 1,280 1,152 6,000 1,050 26,880 0.04 BDL
2 7.5 45,350 34,920 6,498.5 9,500 1,920 1,128 12,000 1,100 27,840 0.04 BDL
3 8.27 36,150 27,840 6,997.5 7,000 1,680 672 10,500 1,575 31,680 0.05 1.28
4 7.8 39,380 29,540 5,998 8,500 2,120 768 10,000 3,750 45,120 0.08 2.44
5 8.47 28,710 21,250 3,996.5 5,000 1,280 432 8,000 1,575 32,640 0.05 3.26
6 7.84 39,540 30,450 5,996 8,750 2,268 739.2 9,500 1,912.5 38,400 0.05 6.28
7 7.28 23,850 16,460 1,996 5,200 1,548 319.2 7,000 3,450 37,440 0.09 6.01
8 7.89 22,100 16,360 1,997 4,000 1,068 319.2 7,000 1,650 41,280 0.04 8.51
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the sample locations two and three. The Fe concentration in
the leachate sample indicates that Fe and steel scrap are
also dumped in the landfill. The dark brown color of the
leachate is mainly attributed to the oxidation of ferrous to
ferric form and the formation of ferric hydroxide colloids
and complexes with fulvic/humic substance (Chu et al.
1994).
Characteristics of soil
The collected soil samples from the dumping site were
analyzed for index properties and for various physico-
chemical parameters. The results are reported in Tables 3
and 4, respectively. From Table 3, it was observed that the
organic content of the soil ranges from 1.73 to 7.31 %. The
maximum organic content was observed at bore hole loca-
tion two (BH 2). The moisture content of the soil samples
ranged from 0.65 to 4.87 % with lowest value of 0.65 %
corresponding to two soil sample locations one and two
with 2 m below the ground level. The results indicated that
the moisture content was high in the top layer (1 m from the
ground level) in all the locations. The specific gravity of soil
ranges from 2.12 to 2.42, and this value is very less when
compared to sand, which is free from organic pollution.
From the physicochemical characteristics of the soil
sample, it was observed that the pH value of the soil
sample was alkaline in nature with the range from 7.27 to
8.01. The electrical conductivity of the soil sample ranges
from 114.8 to 627 l mho/cm. The range of parameters
such as chlorides, total alkalinity and total hardness
varies in the ranges of 199–6,998, 600–6,000, and
1,000–14,000 mg/kg, respectively. The presence of high
value of pH, alkalinity, chloride and iron concentration in
the soil samples (BH: three and four) nearby dumping site
suggested that the soil samples were contaminated by
leachate migration from open dumping site.
Table 3 Index properties
of soil
Sample details Index properties
Organic content (%) Moisture content (%) Specific gravity
BH: 1 (1 m from GL) 4.49 3.35 2.28
BH: 1 (2 m from GL) 2.24 2.78 2.27
BH: 1 (3 m from GL) 2.59 3.06 2.26
BH: 2 (1 m from GL) 7.31 3.98 2.12
BH: 2 (2 m from GL) 1.96 0.65 2.33
BH: 2 (3 m from GL) 5.03 2.35 2.42
BH: 3 (1 m from GL) 4.35 4.11 2.22
BH: 3 (2 m from GL) 2.48 3.28 2.27
BH: 3 (3 m from GL) 1.73 3.69 2.32
BH: 4 (1 m from GL) 3.74 4.87 2.21
BH: 4 (2 m from GL) 3.17 3.1 2.25
BH: 4 (3 m from GL) 2.37 2.52 2.28
Table 4 Physicochemical
characteristics of soil













BH: 1 (1 m from GL) 7.64 627 799 1,500 1,200 815.86
BH: 1 (2 m from GL) 8.01 255 1,999 1,800 2,000 893.58
BH: 1 (3 m from GL) 7.99 320 1,999 1,900 1,000 1027.55
BH: 2 (1 m from GL) 7.55 124.8 2,999 1,000 1,800 893.73
BH: 2 (2 m from GL) 7.56 114.8 2,999 600 2,300 673.42
BH: 2 (3 m from GL) 7.55 134.3 199 1,200 3,300 808.55
BH: 3 (1 m from GL) 7.56 326 599 900 2,600 837.70
BH: 3 (2 m from GL) 7.8 281 599 1,000 2,700 617.28
BH: 3 (3 m from GL) 7.66 266 499 1,000 2,500 571.65
BH: 4 (1 m from GL) 7.71 290 799 600 3,600 807.7
BH: 4 (2 m from GL) 7.31 196.3 6,998 6,000 13,000 713.73
BH: 4 (3 m from GL) 7.27 194.1 5,998 4,000 14,000 770.84




Depth wise variation of heavy metal concentration (mg/kg)
extracted from old solid waste samples by acid digestion
method was shown in Figs. 5, 6, 7, and 8. It was observed
that there was no significant difference in the heavy metal
concentration between the sampling sites and depth inter-
val. From Fig. 5, a very high concentration of Mn was
noticed at all the locations and high concentration of Cu was
found at SW4, SW5, SW7, and SW9 locations (Fig. 6). The
sources of Manganese in the site are expected to be due













































Fig. 5 Variation of manganese










































Fig. 6 Variation of copper























































Fig. 7 Variation of lead
concentration in the solid
waste samples
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galvanizing, paints, pigments, insecticides and cosmetics
along with garbage. The concentration of Pb was found to
be high in locations SW6 and SW8 (Fig. 7). The high levels
of Pb and Cu in these areas may have resulted from inclu-
sions of chalcopyrite in battery and ore processed at the
smelters (Germani et al. 1981). The cadmium concentration
was high in location one at 3 m below top surface and BDL
in other locations (Fig. 8). It was observed that the con-
centration of metals (Cu, Mn and Pb) was high in the middle
layers (1.5 m below top surface) in all locations when
compared to top surface and 3 m below the top surface.
This may be due to the fact that over the time, the leachates
have moved downward. Since the bottom layer was satu-
rated with leachate, lower concentrations have been
observed in this layer.
The average variation of heavy metal concentration in
the old solid waste samples was shown in Fig. 9. Based on
results of depth wise variation of heavy metal concentra-
tion, it is concluded that the heavy metal concentrations
present in the solid waste samples depends on site condi-
tions as well as conditions prevailing in the sampling
locations. Based on the average concentration, the heavy
metal concentration in the collected solid waste sample was
found in the following order: Mn [ Cu [ Pb [ Cd.
Leachate
Heavy metals are typically released by acidic pH. Usually
these heavy metals are found at moderate concentration
levels in municipal landfill leachates (Jensen et al. 1999).
From Table 5, it can be observed that Cd, Cu, Mn and Pb
concentration values are in the ranges 0.1641–1.0372,
0.546–2.6886, 0.1605–1.7962, and 0.7655–5.1485 mg/l,
respectively, for the collected leachate samples. The high
level of Pb (5.1485 mg/l) in the leachate samples indicates
the disposal of Pb batteries, chemicals for photograph
processing, Pb-based paints and pipes at the landfill site
(Moturi et al. 2004; Mor et al. 2005). Based on the average
concentration, the heavy metal concentration in the col-
lected leachate sample was found in the following order:
Pb [ Mn [ Cu [ Cd.
Soil
Contamination of heavy metals in the environment is of
major concern because of their toxicity and threat to human
life and the environment (Purves 1985). Many investigators
have conducted researches on heavy metal contamination in
soils resulting from various anthropogenic sources such as
industrial and municipal wastes (Haines and Pocock 1980;
Parry et al. 1981; Culbard et al. 1983; Gibson and Farmer
1983; Olajire and Ayodele 1998). In this study, the con-
centrations of heavy metal present in the collected soil
sample were reported in Table 6. Out of 12 soil samples, 5
samples were only observed with the Cu concentration. It is
well known that copper is a rather immobile element in
soils, and the greatest amounts of adsorbed copper have
always found for Fe and Mn oxides (Kabata-Pendias and
Pendias 2000). The concentration of Cd in the collected soil
sample was observed very less, because the concentration of
Cd in the solid waste and leachate was found to be very
meager. The manganese concentrations were totally
observed for all the 12 samples with the ranges between










































Fig. 8 Variation of cadmium
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Fig. 9 Variation of heavy metal concentration in the solid waste
samples
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properties. Thus, its primary form in its natural state is
galena (PbS), and the natural lead content of soil is inherited
from parent rocks (Kabata-Pendias and Pendias 2000; Son
and Jung 2011). From Table 6, the concentration of lead
was observed in the ranges from 44.09 to 178.84 mg/kg.
The distribution of metal among specific forms varies
widely based on the metal’s chemical properties and soil
characteristics (Soon and Bates 1981; Olajire and Ayodele
1998). Based on the average concentration, the heavy metal
concentration in the collected soil sample was found in the
following order: Mn [ Pb [ Cu [ Cd.
Remedial measures
From the physicochemical characteristics and heavy metal
concentration present in the leachate and soil samples, it is
claimed that Ariyamangalam open dumping site is going to
cause environmental problems in both short and long term
and this site should be renewed. Hence, the active dumping
site should be closed by a proper control with liner pro-
vision. In the capped dumping site (landfill) there is a
provision for leachate collection system and gas monitor-
ing system (Allen 2001). The provision of liner in the
landfill protects the surrounding environment including
soil, groundwater and surface water by containing leachate
generated within the landfill, controlling ingress of ground
water and assisting in the control of the migration of
landfill gas (Koerner and Soong 2000). Hence, the leachate
migration through soil and obnoxious odor can be avoided.
Integrated solid waste management system for this open
dumping has to be time-honored and new sanitary landfill
site has to be constructed (Banar et al. 2007, 2009). This
resolution keeps away from groundwater contamination
due to the disposal of municipal solid wastes.
Conclusions
The indiscriminate disposal of MSW without covering is
considered a dangerous practice in integrated waste man-
agement at the global level. The fresh solid waste com-
position study shows that samples from the open dump site
contained about 90–95 % combustible materials and non-
combustible fraction is about 1–5 %. The composition of
existing solid waste from old dumping area shows a sig-
nificant variation at all depths and locations. It was
observed that the dead leaves and wood chips and soil were
Table 5 Concentrations of
heavy metal for the collected
leachate sample
** Detection limit of the
analytical instrument
Sample no. Cd (mg/l) Cu (mg/l) Mn (mg/l) Pb (mg/l)
L1 BDL BDL BDL BDL
L2 BDL BDL BDL BDL
L3 BDL 0.8527 BDL BDL
L4 0.1641 1.9182 0.1605 0.7655
L5 0.351 1.1649 0.5534 1.7911
L6 0.6034 2.6886 1.058 2.931
L7 0.8312 1.5149 1.7893 4.1013
L8 1.0372 0.546 1.7962 5.1485
** 0.0040 0.0150 0.0300
Table 6 Concentrations of
heavy metal for the collected
soil sample
Sample details Cu (mg/kg) Cd (mg/kg) Mn (mg/kg) Pb (mg/kg)
BH: 1 (1 m from GL) BDL 43.63 151.70 44.09
BH: 1 (2 m from GL) BDL BDL 156.14 116.14
BH: 1 (3 m from GL) BDL BDL 140.52 173.62
BH: 2 (1 m from GL) 75.52 5.19 140.45 233.32
BH: 2 (2 m from GL) 34.31 10.01 117.48 291.29
BH: 2 (3 m from GL) 39.27 19.37 139.51 BDL
BH: 3 (1 m from GL) 28.99 30.58 171.16 BDL
BH: 3 (2 m from GL) 4.53 BDL 42.07 BDL
BH: 3 (3 m from GL) BDL BDL 56.52 BDL
BH: 4 (1 m from GL) BDL 38.41 151.45 73.27
BH: 4 (2 m from GL) BDL 47.72 145.33 123.60
BH: 4 (3 m from GL) BDL BDL 151.32 178.84
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40–60 and 15–40 %, respectively. The plastic and paper
composition was 8–15 and 0.5–15 %, respectively. Debris
waste composition was 5–18 %. The physicochemical
characteristic of leachate shows that the range of COD
varies from 26,880 to 45,120 mg/l and the BOD5/COD
ratio was less than 0.1. Hence, the characterization of
leachate confirms the methanogenic condition of the
dumpsite. Based on the average concentration, the heavy
metal components in the old solid waste, leachate and soil
were found in the following orders: Mn [ Cu [ Pb [ Cd;
Pb [ Mn [ Cu [ Cd; Mn [ Pb [ Cu [ Cd. The presence
of heavy metals (Pb, Cu, Mn, and Cd) in soil sample
indicates that there is appreciable contamination of the soil
by leachate migration. This is indicated that the migration
and distribution of the contaminants species are still
localized and not diffused with a wide area. However, these
pollutant species continuously migrate and percolate
through the soil strata and after certain period of time
might contaminate the groundwater system if no action is
taken to prevent this phenomenon.
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